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REMARKS 

By Office Action mailed March 7, 2006, pending claims 41-44 stand rejected, 
reconsideration of which is respectfully requested in view of the above amendments and 
following remarks. Claim 42 has been amended, claims 41, 43 and 44 have been cancelled and 
claim 51 has been added. Claims 42 and 51 are now pending. 

Rejection Under 35 U.S.C. $101 

Claim 44 stands rejected under 35 U.S.C. §101 for the reasons set forth on page 2- 
3 of the Office Action. In view of Applicants' cancellation of claim 44, Applicants submit that 
this rejection has been obviated. 

Rejections Under 35 U,S.C. $112, First Paragraph 

Claims 41-44 stand rejected under 35 U.S.C. § 1 12, first paragraph, for lack of an 
enabling disclosure for the reasons set forth on pages 3-9 of the Office Action. More 
specifically, the Examiner is of the opinion that extrapolating from in vitro ICE inhibition to 
treatment of the autoimmime, inflammatory and neurodegenerative diseases and prevention of 
ischemic injury generally leads to '^inpredictable" results and, therefore, undue experimentation 
would be required to practice the claimed invention. 

Although Applicants disagree with the Examiner's opinion, in order to expedite 
prosecution. Applicants have (i) amended claim 42 to specify that the inflanmiatory disease is 
arthritis, (ii) cancelled claims 41, 43 and 44, and (iii) added claim 51 directed to the treatment of 
hepatitis. Support for the amendment to claim 42, as well as for new claim 51, may be found at, 
e,g., page 2, lines 7-16, of the specification. Applicants note that no new matter has been added 
by way of these amendments. Furthermore, these amendments are not, and should not be 
construed as, an acquiescence to the Examiner's rejection and Applicants reserve the right to 
continue prosecution of the cancelled subject matter in one or more related applications. In view 
of the foregoing, Applicants submit that the pending claims are fully enabled for the following 
reasons. 
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With respect to claim 42, as amended, Applicants note that the Examiner 
indicated that a claim specifically directed to treating arthritis, rather than broadly directed to 
treating all inflammatory diseases, would be enabled in view of the references cited in 
Applicants' prior Amendment filed December 19, 2005 (see page 6 of the Office Action). 
Accordingly, Applicants have amended claim 42 in this manner. 

With respect to new claim 51, as noted by the Examiner, the claimed compounds 
have activity as inhibitors of interleukin-1 converting enzyme (ICE) and related proteases, 
referred to as the ICE/ced-3 family of cysteine proteases. Compounds that inhibit the ICE/ced-3 
family of cysteine proteases are usefiil for a variety of purposes related to the prevention of 
apoptosis - including the treatment of hepatitis. For example, as demonstrated by Rodriguez et 
al. (J. Exp, Med, 75^:2067-2072, 1996 - copy attached), caspase inhibitors (inhibitors of ICE and 
ICE-like proteases) prevent Fas-mediated fiilminant liver destruction and death in mice. As 
stated by Rodriguez et al. in the "Summary" section {see page 2067): 

Mice injected with anti-Fas antibody die within a few hours with 
total liver destruction due to massive apoptosis of hepatocytes. We show 
that this is preceded and accompanied by the sequential activation of 
cysteine proteases of the interleukin 1 -converting enzyme (ICE) and 
CPP32 types in the cytosol of the hepatocytes, and that proCCP32 
cleavage and enzymatic activity can be prevented by intravenous 
injections of the tripeptide iV-benxyloxycarbonyl-Val-Ala-Asp- 
fluoromethylketone (Z-VAS.fink), an inhibitor of ICE-like proteases. 
...Injections of the tetrapeptide Ac-YVAD.cmk, more specific for the 
ICE-like subfamily of cysteine proteases but less cell permeable also gave 
protection. 

Further, as stated in the last paragraph of the Discussion section (see page 2071): 

The possibility for preventing or attenuating in vivo fiilminant liver 
damage resulting fi^om liver apoptosis has important therapeutic 
implications in humans. It is generally assumed that fiilminant hepatitis 
occurring during viral hepatitis is mediated by cytotoxic T lymphocytes 
The cytotoxic activity of these cells is mediated through the perforin- 
granzyme and/or the Fas pathway; the mechanisms of cell death are 
probably common in these two pathways because granzyme B, a serine 
protease with Asp specificity of cleavage, is an efficient activator of 
CPP32. The temporary perfusion of peptides with a high cell permeability 
designed to be potent irreversible inhibitors of the ICE-like proteases may 
thus be of great therapeutic benefit... 
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As a further example, as demonstrated by Suzuki {P.S.E.BM. 277:450-454, 1998 
- copy attached), a peptide inhibitor specific to the CPP32 subfamily (DEVD-CHO) prevented 
Fas-mediated liver destruction. As stated by Suzuki in the "Summary" section (see page 450): 

We propose here that the CPP32 subfamily plays the dominant role in Fas- 
mediated hepatitis, and DEVD-CHO would be an effective cure for 
hepatitis. 

Accordingly, Applicants submit that undue experimentation would not be 
required to practice the claimed invention, in view of the foregoing (i.e., the teaching of the 
specification, as further supported by the attached references) and request that this ground of 
rejection be withdrawn. 

In view of the above amendments and remarks, allowance of claims 42 and 51 is 
respectfiilly requested. A good faith effort has been made to place this application in condition 
for allowance. However, should any further issue require attention prior to allowance, the 
Examiner is requested to contact the undersigned at (206) 622-4900 to resolve the same. 
Furthermore, the Commissioner is authorized to charge any additional fees due by way of this 
Amendment, or credit any overpayment, to our Deposit Account No. 19-1090. 



Respectfully submitted, 

Donald S. Karanewsky et al. 

SEED Intellectual Property Law Group pllc 



Emily W. Wagner 
Registration No. 50,922 

Enclosures: 

Rodriguez et al. (J. Exp. Med. 184:2067-2072, 1996) 
Suzuki {P.S.E.B.M. 277:450-454, 1998) 

EWW:cw 
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Systemic Injection of a Tripeptide Inhibits the Intracellular 
Activation of CPP32-like Proteases In Vivo and Fully 
Protects Mice against Fas-mediated Fulminant Liver 
Destruction and Death 

4 

By Ivan Rodriguez,* Keiko Matsuura,* Christiane Ody,* 
Slaigekazu Nagata,^ and Pierre Vassalli* 



From the *Depannient of Pathology^ Centre Medical Univeriitaire, CH 1211 Genem 4, 

Suit zvrland; and ^Ocpartmcrit of Genetics, Osaka University Medical School, Suita, Osaka 565, 

Japati 



Summary 

Mice injected with anti-Fas antibody die within a few hours with total liver destruction due to 
massive apoptosis of hepatocytes. We show that this is preceded and accompanied by tht* se- 
quential activation of cysteine proteases of the interleukin ip-converting enrv'me (ICE) and 
CPF32 i^'pes in the cytosol of the hepatocytes, and that proCPP32 cleavage and enzymatic acti\at>' 
can be prevented by intravenous injections of the cnpeptide /\^-benzyloxycarbonyl-Val-Ala- 
Asp-fluoromcthylkctonc (Z-VAD.fnik), an inhibitor of ICE -like proteases. Four Z-VADJmk 
injections at l-houi inteiA^als abolished all signs of liver damage after anti-Fas antibody injection 
and resulted in 100% l6ng-r;inge recovery, without residual tissue damage, from a condition other- 
wise unifomily tatal within <3 hours. This treatment was etTective eve:n when delayed un- 
til some liver DNA degradation was already detectable. Injections of the tetrapeptide Ac- 
YVAD.cmk, more specific for the ICE-like subfamily of cysteine proteases but less cell permeable, 
also gave protection, but at higher doses and when injections staned before that of anti-Fas an- 
tibody. Thfsc observations alTord a way of temporarily modulating a number of apoptotic pro- 
cesses m vivo and may have important therapeutic implications in some human diseases. 



Then- IS now conclusivt^ evidence that the process ot 
apoptosis or programmed cell death (PCD) results 
from the activation of members of a new family of cysteine 
proteases with a specificity of cleavage for aspartate in the 
PI position. The decisive imponance of this mechanism as 
an elTector of PCD was revealed by the discovery that the 
ced-3 gene of Caetiorltabditis ek^ans, which is required for 
cell death occurring during the nomial development of this 
nematode (1), encodes for a protein related to the mamma- 
lian IL-lp-converting enzyme (ICE) (2). an aspartate-spe- 
cific cysteine protease, and that, in certain conditions, over- 
expression of ICE itself in niammalian cells can lead to 
apoptosis (3). Several other members of this protease family 
have now been identified and are presently subdivided into 
three subfamilies, each containing variants: the ICE. CPP32 
(also called YAMA, apopain, or priCE), and lch-1 (or 
Nedd-2) subfamilies; all these enzymes are synthesized as 
inactive proenrv'ines requiring cleavage at specihc Asp resi- 
dues to be transformed into active proteases: thus, at least 
some of these proteases can activate each other in the form 
of a proteolytic cascade and /or may undergo, once acti- 
vated, autoprocessing, allowing the potentially lethal ampli- 



fication of a irunor irutial proteolytic process (for review, 
see reference 4). Short peptides corresponding to the cleav- 
age site of some of these c^'Steine proteases have been used 
as inhibitors, with the Tyr-Val-Ala-Asp (YVAI)) and the 
Asp-Glu-Val-Asp (DEVD) motifs being rather specific in- 
hibitors of the ICE and CPP32 subfamilies, respectively (5). 
Provided their extracellular concentration is high enough, 
addition of these or related inhibitory peptides to cell cul- 
tures prevents many forms, but not all, of PCD (6-8). 

One of the best studied iCE-related protease cascades in- 
volved in apoptotic cell death is that induced by the trig- 
gering of the Fas (APO-1, CD95) receptor on Fas-bearing 
cells in vitro (6, 7). It has been shown that ICE-like pro- 
tease (s) and CPP32 are activated in sequence after Fas stim- 
ulation (9), and that the first proteolytic event may result 
from the activation of a novel cysteine protease, which is 
bound to the FADD or MORT protein (itself bound to 
the intrac|llular domain of the Fas receptor) and has a Cetl- 
3— like statcture (10, 11). The accumulation of activated 
CPP32-like proteases thus appears to represent a down- 
stream event in this proteolytic cascade. The most dramatic 
effect of Fas triggenng in vivo as the result of a single injec- 
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tion of an agonistic and- fas antibody into mice is the mas- 
sive iipoptotic death ofhepatocytes, which results in 3 few 
hours in total Hver destmction and death (12). In this report 
we show that this event, which is also accompanied by the 
sequential activation of ICE- and CPP32-like proteases in 
the cytoplasm of the hepatocytes, can be completely and 
permanently prevented by the concomitant injections of 
high doses of the inpepiide benzylox\'carbonyJ-Val-Ala- 
Asp fliioronK:thylketOMe (Z-VAOJmk) (13} and a more 
specific inhibitor of ICE- like proteases, acecyl-Tyr-Vai- 
Ala-Asp cliloromethylketone (Ac-Y VAD.cmk). 

Materials and Methods 

Mice. Mice used in this study were 3-4-wk-old (!f>-18 g) 
C57B1./6 females bred in the aniii>a! tiiciliry- of the Universir\' 
Medical Center of Geneva. 

Atiti-fits Aniibody ami ICC- like hiUibiior Injenitnis >md Histoh^nc 
Exam iftation . M i ce were i nj ec ted uu ra v enou.si y w i th 1 0 M-t; of a 
purified hamster mAb (jo2) against mouse Fas antigen (13) di- 
luted m SO fJLl of 0.9 g/liter NaCl solution. 2-VAD.tmk (Enzyme 
Systems Products, Dublin. CA). Z-D.cmk. and Ar-YVAO.cmk 
peptides (BACHEM Fcinchmukalien AC, CH), were dissolved 
m DMSO at a concentxatioa of 100 nig/ml. ,AJ1 peptide injec- 
tions were intravenous and started 5 nun after anri-F.is antibody 
injection, except when indic.itcd otherwise. Mice were killed iit 
variou.s timrs c>r autop.sied immediately after death, and fragments 
of tissues were fixed m vivo with 4% paraformaldehyde in PBS. 
embedded in paraffin, and S-p.m sections were stained wirh he- 
marovylin and eosin. 

Westcni Blot AiHttfsi<. Minced liver fragments were homoge- 
nized at A\: with RIPA buffer (PBS, 1% KP-40. 03% sodium 
deoxycholnte, ().]% SDS) contaming 2 M-i^^M-' yprotimn and 1 
uiM PMSF- Alter centrifugition at IS.OCmJ^j. 30 jxg of superna- 
tant protem was loaded per lane on 10*% polyacrv'laniide gels and 
electrophoresed. After transfer to nitrocellulose mcmhrAncs and 
exposure to 5% nonfbt nulk tBS-T (20 niM Tns HCl. 500 niM 
NaCl, pH 7.5, and Tween VA%), the washed membranes were 
incubated for 1 h at 20''C \vith a rabbit aim-munnc ICE at a 1:3.W 
dilution (kind gifr of J. Tschopp, Institut de Bioclnmie, ISFLEC, 
Lausanne, Swatzerland). a nbbit anti-ICE pi 0 at a dilution of 1:200 
(M20; Santa Cruz Biotech Inc.. CA). a rabbit anti-hum;m CPP32 
pl7 at a dilution of 1:7.500 (kind gift of O. Nichokon. Merck 
Frosst, Pointe-Cbire-Dorval. Quebec, Cajiada), or anti-LAP3 
(kind gift of V.M. Dixit, Univer3it>- of Michigan, Ann Arbor. 
Ml). Goat anti-rabbit IgG (Sant:i Cruz Biotech. Inc.. Sunta Cruz. 
CA) was used a.s second antibody At a concentrauoii of 40O-800 
ng/mJ. Membranes were washed with TBS-T, incubated in en- 
hanced chemiluminescence detection reagents (Amersham Inter- 
national, Antcr^hani, UK) it room temperature, iitid expo.scd to 
Hyperiiim-MP films {Amersham International). 

Fluorotttetric Analyses. Liver protem extncts were prepared hv 
Douncc homogcmzation of 20 nig of ti.ssuc in a hypotonic buifer 
(25 inM Hepes. pH 7.5. 5 mM MgCI., 1 niM EGTA. 1 mM 
PMSF. 1 |xg/nil leupepfin and aprotimn). Homogenates were 
cencrifuged ;u 1.5.000 rpm for 10 mil) and the supernaUiu^ were 
used. 20 (xg of the exti-acted proteins was incubated with the tluo- 
rescent substrates Z- WAD- AFC or Z-OEVD-AFC (Enzyme 
Systems Products) at a cone ej it rat ion of 25 hlM in 50 mW Hepes, 
1% sucrose, 0A% CHAPS (3-i;f3-chobmidopropyJ]-dimerh- 
y]ammonio)-l-propanc-.sulfonate), and 5 mM dithiothreilol in a 
volume ol 1 nd. The fluorescence of the cleaved substrates was 



determined using a spectre Huoro meter set ar an ex'citation wave- 
length of 40<3 nrii and an emi.ssion wavelength of 503 iim. One 
unit corresponds to the activity that cleaves 1 pmol of the respec- 
tive fluorescent substrate at 25*^0 in 30 nun. 

DNA Fra^iueutation Dtiation. For the detection of oligcmu- 
cieosomes. a cell death detection ELISA kit (Boehnnger Mann- 
heim AG, Rotkreuz. Switzerland) was used according to the 
manufacturer'.s instructions adapted for the use ^of tissue frng- 
fiients. BrieOy, small pieces of liver (23-40 mg) were weighed 
and homogenized in the provided K'sis buffer, incubated for 3U 
mm at room remperarure. and after a lO-niin centrihigation at 
2,000 rpm, 20 fil of the supernatant wa.s .submitted tt) the EtISA 
test. For electrophoretic detection of DNA cleavage products, 
liver extract supematants were precipitated overnight with iso- 
propanol. The 15,0W-rpm peUets were then digested overnight 
with pn)tem.jse K. extracted wuh phenol-(.hloroforni-i:>oarnylal- 
cohol, treated with R.Nase A, precipitated with ethanoi, and sub- 
mitted to electrophoresis in 2% agarose gels. 

Svnim AmifuHramferast Deitnuittation. Quantitication of alanme 
aminotransferase (At AT) and aspartate aminotransferase (AS AT) 
in the sera was made with a standard clinical automatic analyzer 
(model 7150; Hitachi). 

Results 

Intravenous injection of 10 of the Jo2 anti-Fas niAb 
was used throughout these experiments. This amount in- 
variably kiiJed alJ 13-18-g C57BL/6 mice withi n 3 h; when 
killed after 2 h, all mice already had a severely sht-unken, 
massively hemorragic liver, with extensive lesions of hepa- 
tocyte apoptosis on histologic sections (Fig. 1 ^i, compared 
with normal hver. Fig. 1 a). Evidence of hepatocyte dam- 
age became clearly detectable only after 60 min; at this 
time, blood levels of liver aminotransferases were almost 
unchanged (Fig. 2 a), and in liver lysates DNA oligonu- 
cleosomes characteristic of apoptosis were only detectable 
by^ a^, sensitive immunologic assay (Fig. 2 /;); after 60 inin, 
the blood aminotransferases rapidly increased to ver>' high 
levels untjl death (Fig. 2 a) and DNA fragmentation in the 
hven as detected on agarose gels, became massive (Fig. 2 b). 
Proteolytic activir>' of tlic ICE and CPP32 type waii a.s- 




Figure I. Liver histology, detail, [a) Nomial mouse. (/«) Mouse killed 2 h 
aAer injection ofanti-Fiis anubody. The architecture of the hver p.Jien- 
f hynia is riestroyed with hemorrhagic Ibci. <iever3l a|-H?pEocic hepatocytes jrc 
seen. (0 Moiiitr killed 2 h after aniibody JOjccUun, followL-d after 5 jjiid by 
iniecnon of jxg Z- VAD.fnik. UnginnJ m.igmfuMtion Xm.H>. 
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Figure 2. {n) Prevcntioji by Z-VAD.fnik iiijectionj of ihc increase ofASAT {left) and ALAT [n^hi] concentrations in the scrum after Fas-induced 
hver damage. control mice. ■, treated nnce. (/>) Prevention of Fui- induced liver DNA Ira^en ration after Z-VAD.fmk injections. [Left) DNA frag- 
mentation a.«ay [mtdeoiomc). Normal liver (/f/f column); iruddle: liver 1 h after anti-Fas antibody injection {middle coiumti), effect of Z-VAi).fmk injection 
,S nun after anti-Fjs injection {n^hf column). (Rt^iil) DNA laddering on agarose gel 2 h after anti-F.is injections, with or without 7.-VAI).&iik injecoon. (r) 
Activation of ICE-hke and CFP32-like proteases dunng r.ii.-indoccd hver damage m vivo, using cleavage assays of the fluorescent substrates Z-YVAD- 
AFC (for ICE-likc proteases: /tf/) and Z-DEVD-AFC (for CPP32-hke proteases; n^hf) in the presence of the same tiver cytosohc extracts used for both 
assays. A, control. Z-VAD-treated mice. 



se.ssed in the liver lysates of mice killed at 30-min intervals 
after antibody injection, by using as substrates the Z-Y\'AD- 
AFC and Z-DEVD-AFC peptides, which correspond, re- 
spectively, to an ICE and a CPP32 cleavage sue (5). ICE- 
like activity rapidly rose in liver lysatcs after 30 min hut in a 
transient way, and returned t|> normal values at 90 min; in 
contrast, CFP32-likc activity rose continuously until 120 
min, at the time of very severe hepatocyte damage (Fig. 2 
c). Cleavage of proICE and proCPP32 wa.<i also directly cx~ 
plored by Western blotting of the liver lysates (Fig. 3). A 
very limited cleavage of prolCE, indicated by the appear- 
ance of a 36-kD band (14), was detectable after 60 min; a 
decrease in proCPP32 was observed after 60 min and cor- 
responded to a limited cleavage of the proenzyme as shown 
by the detection of a 17-kD band of weak intensity. No 
LAP-3, a protease of the CPP32 family, was detectable, 
suggestmg that this enzyme is not present in the liver (15). 
The nuclear poly(ADP-ribose) polymerase, a substrate for 
CPP32 whose cleavage is characteristic of apoptotic nuclei 
(16), could not be clearly visualized, perhaps because this 
protein is less abundant in the nuclei of the nondividing 
hepatocytcs than m those of dividing cells, where it is usu- 
ally observed. 

Mice were then injected with anti-Fas antibody fol- 
low'cd 5 rnin later by intravenous injections of various 
amounts of the Z-VAD.fmk peptide. In a pilot expenment, 
twc"> mice injected with 1 mg or 0.2.S ing (about 2 or 0.5 ^.M, 
respectively) of the peptide sur^'ived 15 and 7 h, respec- 
tively, but had severely damaged liver at autopsy, compara- 




B 



ICE 




Figure 3, Western blots for the detection of CPP.'^2 and ICE in hver 
cytosohc extracts {a) Ant»-CPP32 antibody. In addition to the p32 band 
of proCPP32, 3 band of pl7 is present in the hver 90 nun after antibody 
injection and is not detectable in the liver lysates from a Z-VAD.fmk- 
rreated niotue. Exposure tune of the film was 5 nun for p45 antt 1 5 n\in 
for pi 7. {b) Ann-lCn antibody: a faint band (p.K>. jnow), corresponding 
to the initial proces^ng of prolCE (p45) is distinguishable in liver lysates 
after anti-Fas annbody injection. Whereas jn other experiments the faint 
p36 band was ,^een after 60 mm, here it was more clearly seen in the 120- 
miii livi-r Ivsate. 
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ble to that ofcontro] mice, which died within 3 h; three 
niice injected with 0.5 mg of the peptide were kiUed after 2 h 
and had niacroscopicaJJy and histologicaUy normyl Hvcr 
(Fig. 1 c). On this basis, it was decided to prolong exposure 
to the protecting peptide by using the following schedule: 
an ijiitial injection of 0.25 mg, followed by three injections 
of 0.1 mg at 1-h intervals. Three experiments were then 
perfonned. corresponding to a total of 15 nnce injected ac- 
cording to this schedule and 20 control mice: alJ control 
mice died within 3 h, whereas the 15 Z-VAD-injected 
mice surv'ived and were in apparent good health days or 
weeks later. In a last experiment involving five mice and 
their controls, this peptide injection schedule was delayed 
until 65 min after anti-Fas antibody injection, i.e., at a time 
when apoptotic DNA fragmentation in the liver had al- 
ready staned (Fig. 2 b). Four out of die five Z-VAD~injected 
mice survived and one died after 10 h with a severely dam- 
aged liver. 

Mice protected by this injection schedule started 5 min 
after antibody injection were then killed or bled at different 
times to follow the cysteine protease acnvity of their liver 
and their blood level of aminotransferases. Unexpectedly, 
the first wave of Z-YVAO-AFP cleavage activity' of the 
hepatocyte cytosol was not decreased (Fig. 2 c, lefi); in con- 
trast, the Z-DEVD-AFP cleavage activity was decreased 
and had returned to baseline levels after 90 min. at a time 
when unprotected mice showed a very high activity' (Fig. 2 r. 
rij^hi). In agreement with this last observation, no cleavage 
of CPP32 was detected on Western blots (Fig. 3). Blood 
aminotransfei-ase levels showed only a veiy small increase 
cojnpared with that of unprotected mice and were at the 
baseline levels 4 d later (Fig. 2 a). Histologic examination 
of the liver obtained at various times of sacrifice I to several 
days later showed no signs of da inage» indicating full pro- 
tection. In contrast, one offhe four mice surviving after the 
65-min-^lelayed Z-VAI> injection schedule mentioned above 
and sacrificed 1 d later showed histoIogicaUy focal areas of 
liver ne.crosis: these lesions can certainly heal, because the 
three other surviving mice of this gi'oup were in apparent 
good health in the following weeks. The histologic appear- 
ance of various organs (hean, spleen, gut, lung, brain, intes- 
rine) was also normal, suggesting that the injected peptides, 
at the dosage used, had no toxic etlect. It should be added 
that protection ot the liver in all these experiments cannot 
be attributed to an unexpected eiTect of a Z-xmk com- 
pound on hepatocytes, since mice injected with the same 
amount of the Z-f).cmk compound died, as did control 
mice, with identical lesions. 

A more specific inhibitor of cysteine proteases of the 
ICE subfamily is the terrapeptide Ac-YVAD.cmlc. In ccU 
culture, it is, however, more difficult to inhibit Fas-medi- 
ated apoptosis with this pepride. Using mouse Fas-trans- 
fected W4 and P815 cell lines, we have obsei-ved that Fas- 
mediated apoptosiS; wliich is otherwise almost complete 
within 4 h. is highly inhibited ar concentration of 100 fxM 
by Z-VAD.-thik, but only parli:dly inhibited in the presence 
of 300-600 M-M Ac-YVAD.fmk, perhaps because of the 



lesser cell permeability of the latter compound. Two mice 
were injected with Ac-YVAD.cmk according to the sched- 
ule described above, but with a double amount (i.e., initial 
dose of 0.5 mg): one mouse died after 7.5 h and the other 
survived (but its liver was not exajnined). Because the in- 
tracellular availabihry of the peptide may be slower, the 
peptide administration schedule was applied ]o one mouse 
startuig 15 min before anti-Fas injection: this mouse sur- 
vived and had no gross or histologic liver lesions when sac- 
rificed 1 d later. In spjte of dieir small number, these last re- 
sults conclusively show that administration of a peptide of 
more restricted anti-JCE specitjcity is capable of preventing 
Fas-mediated apoptosis in vivo. 

Discussion 

The cysteine protease activity triggered in hepatocytes in 
vivo by anti-Fas antibody injecrions showed a pattern of se- 
quential acrivicy comparable to that observed during Fas- 
induced apoptosis of mouse W4 cells (9), with a transient 
ICE-like activity obsei^^ed fii-st, followed by a gradually in- 
creasing CPP32-like activity. However, whereas on West- 
ern blots sc>rTie degree of cleavage of proICE was observed 
after 45 min and of proCPP32 after 90 min, these cleavages 
were much weaker than those observed on Western blots 
of W4 and P8 15 ceUs undergoing in vitro Fas-induced 
apoptosis (Ody, C, K. Matsuura, and P. Vassalli. unpub- 
lished observation). This obserwirion suggests that other 
members of the Ced-3 cysteine proteases family may be 
more preferentiaDy involved in hepacocyte PCD; the liver 
appears to be especially rich in ICE,^! II and 111 proteases 
(belonging to the ICE subfamily) and in Mch2 (considered 
to belong to the CPP32 subfamily), the cleavage of which 
could not be explored because of the lack of relevant anti- 
bodies. Some of these last proteases appear to be more sus- 
ceptible to some protease inliibitors than other members of 
their subfamily (17). This may explain why hepatocytes 
may be protected by the Z-VAD and YVAD inhibitor)' 
peptides more easily than W4 or P815 cells, because it is not 
likely rhai the concentration of these peptides required tor 
in vitro prevenrion of Fas-mediated apoptosis of these cell 
lines, as describetl above, had been durably achieved in vivo. 
The observation that ICE-like protease activity was not in- 
hibitetl in the liver of the Z-VAI) protected mice, in con- 
trast to CPP32-like activity, might suggest that Z-VAD, frnk 
is a better inlubitor of the lat ter enzymes. Hc>wever, because, 
it has been observed that Z-VAD. fmk inhibits poorly in 
vitro CPP32-like proteolysis once acrivatetl (18), it is more 
likely diat the failure of Z-VAD mjections. with the injec- 
tion schedule used, to efficiently inhibit the early K.'E-like 
protease activity, in contrast to the late CPP32-]ike activity, 
results from an msutiiciently high intracellular concentra- 
tion of the inhibitory peptides after the first injection. The 
observatK)n that mjections of tiie Ac-YVAl,).cnik peptide 
also completely prevented liver damage when started before 
anti-Fas antibody injection strongly supports the notion of 
a PCD-inducing proteolytic cascade that can be interrupted 
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at its early stages. However, the first element of the cascade 
in Fas-induced PCD is the activation of the MACH- 
FLICE cysteine protease, bound to the i\40RT(FAI)D)- 
Fas protein complex (10, 11). This protease, which belongs 
to the CPP32 subfamily, cleaves after its activation the 
Z-DEVD- but not the Z-YVAD-AFC peptide (10). Thus, 
the early autoamplitication steps of the cysteine protease 
cascade, rather than the probable initial proteolytic event, 
appear to be the targets of the inhibitory peptides used to 
prevent hepatocyte death in these experuiients. 

An intriguing question raised by the obvious instabilir>' 
and rapid decrease in vivo of the inhibitory peptides is how 
full and permanent protection against liver damage and 
death can be achieved by a few hours of protection after 
injection of an amount as high as 10 p-g of agonist anti- 
body, which is not expected to difiuse very rapidly out of 
the vascular compartment. At least three not mutually ex- 
clusive possibilities must be considered, which are presently 
under study: rapid removal of the antibody by Fas mole- 
cules makes it drop to a level insufficient to trigger signifi- 
cant hepatocyte dan i age; the level of Fas molecules on 
hepatocytes may also drop and lead to the same result; pro- 
tected liepa to eyres may undergo nier^aboUc changes niakmg 
them more resistant to Fas-mediated death, as occurs with 
TNF-sensitive cells first exposed to a sublethal concentra- 
tion ofTNF (19). 

The possibility of preventing or attenuating in vivo ful- 
minant liver damage resulting from liver apoptosis has im- 
portant therapeutic implications in humans. It is generally 
assumed that fulminant hepatitis occurring during viral 



hepatitis is mediated by c>'totoxic T lymphocytes. The cy- 
totoxic activity of these cells is mediated through the per- 
forin— granzyine and/or the Fas pathway (20); the mecha- 
nisms of cell death are probably common in these two 
pathways because granzyme a serine protease with Asp 
specificity of cleavage, is an efficient activator of CPP32 
(21-23). The temporary perf usion of peptides with a high 
cell permeability designed to be potent irreversible inhibi- 
tors of the ICE-likc proteases (24, 25) may thus be of great 
therapeutic benefit if these compounds show no general 
toxicity. In the very bmited pattern of injection used in the 
present experiments, no signs of toxicity were observed; 
Z-VAD.fmk m vitro at a concentrarion of 100 |JiM has 
been found not to be toxic for at least 48 h (26), Our ob- 
servation that Z-VAD.fmk injections protected mice from 
massive liver destmction and death even when delayed un- 
til a time when apoptotic DNA cleavage was detectable 
strengthens the potential therapeutic value of this approach. 
A number of other acute clinical situation.s are probably ac- 
companied by ceil death, especially hamiRi) in tissues where, 
in contrast to hepatocytes, regeneration does not occur, 
such as the ner\'ous tissue; in vitro, Z-VAD.fmk has been 
found to protect neurons from cert;4in apoptotic -inducing 
conditions (27). Finally, perfusion of cysteine protease in- 
hibitor)' peptides may be also of expcnmental use to detect 
in vivo the involvement of PCD in physiological or patho- 
logical conditions, as well as to explore the mechanism un- 
derlying various PCD, because in vatro not aD PCD-induc- 
mg conditions display sensitivity to inhibitory peptides such 
as Z-VAD.&nk. 
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Abstract. Fas is a cell surface molecule that transduces the apoptotic death signaling 
on the stimulation of Fas ligand, and plays the dominant role in various disease states. 
The lethal effect of Fas antibody in mice has been reported, and this experimental 
procedure has been used as the model for hepatitis. Recently, the prevention of this 
Fas antibody-induced hepatitis by the broad caspase inhibitor (z-VAD.fmk) has been 
reported. In the present study, we additionally demonstrated that the CPP32 subfam- 
ily, rather than the ICE subfamily, plays the dominant rote in the Fas antibody-induced 
hepatitis. Fas antibody-injection induced chromosomal DNA fragmentation and 
CPP32 subfamily-activation in both the liver and lung. Tissue damage observed in the 
lung was weak as compared with liver damage. When mice were exposed to DEVD- 
CHO (specific inhibitor of CPP32 subfamily), this lethal effect of Fas antibody, tissue 
destruction, and CPP32 subfamily-activation were prevented. In contrast, YVAD-CHO 
(specific inhibitor of ICE subfamily) could not prevent the lethal effect of Fas antibody. 
We propose here that the CPP32 subfamily plays the dominant role in Fas-mediated 
hepatitis, and OEVD-CHO would be an effective cure for hepatitis. 

[P.S.E.B.M. 1998. Vol 217] 



Cell surface molecule Fas, a type-I transmembrane 
protein belonging to the nerve growth factor/tumor 
necrosis factor receptor family, transduces the apop- 
totic death signaling on stimulmion with Fas ligand or anti- 
Fas antibody (Fas Ab) (1-3). Fas plays the dominant role in 
physiological cell death, and its endogenous expression is 
encountered in liver, Jung, thymus, heart, ovary, and vagina 
(4, 5). Recently, the lethal effect of Fas Ab in mice was 
reported, in which it was shown that this lethal effect was 
due to fulminant liver destruction (6). Various investiga- 
tions into the molecular machinery of various types of hepa- 
titis have also demonstrated the direct involvement of Fas 
ligand/Fas system (7-9), and Fas Ab injection into mice was 
established as the mode! for hepatitis (10, 11). 

CED-3 death gene, identified from Caenorhabditis el- 
egans, shows high similarity to interleukin-ip converting 
enzyme (ICE) (12, 13). Recently, various ICE/CED-3 ho- 
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mologs that were recently termed *'caspase (14)*' have been 
identified, and an important role in apoptotic cell death has 
been reported. Especially, CPP32 subfamily (15) plays the 
dominapt role in apoptotic death signaling (16-19). On the 
basis of the machinery by which they induce apoptotic death 
signaling, two types of CPP32 subfamily are known: one is 
CPP32A'ama/Apopain (caspase 3), which does not physi- 
cally interact with the cytoplasmic region of Fas; and an- 
other is FLICE/MACH (caspase 8). which can directly in- 
teract with the death domain of Fas (18, 19). In Fas- 
mediated apoptosis, caspase 3 is activated by ICE 
subfamily-activation (ICE cascade; Ref. (16)). Thus, the 
CPP32 subfamily plays the dominant role in the down- 
stream of Fas-initiated death signaling. 

Bcl-2 oncoprotein was originally identified through 
study of the t(14; 18) translocation present in human B-cell 
follicular lymphomas (20), and is unique in that it inhibits 
apoptosis rather than promoting cell proliferation (2L 22). 
Be 1-2 prevents Fas- mediated apoptosis in vitro (23). Be- 
cause Bcl-2 expression is not encountered in liver (24), the 
effect of Bcl-2 in Fas Ab-induced fulminant liver destruc- 
tion was in^^stigated in a Bcl-2 transgenic mouse. Overex- 
pression of Bcl-2 in mouse liver showed the resistance to 
Fas Ab-induced fulminant liver destruction (iO, 11). It 
thought that Bcl-2 prevents the upstream ponion of the ICE 
cascade (25). Therefore, this finding in Bcl-2 transgenic 
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mice suggests that the prevention of Fas-initiated death sig- 
naling would be an effective cure for hepatitis. In addition, 
the prevention of Fas Ab-induced hepatitis by the systemic 
injection of broad caspase inhibitor to mice has recently 
been reponed (26). In the present study, therefore, we ex- 
amined the protective effect of the CPP32 subfamily spe- 
cific peptidc-inhibiior DEVD-CHO in Fas Ab-induced le- 
thal effect. 

Materials and Methods 

Fas Ab- or DEVD-CHO-lnjection. Male SIc/ddy, 
5-week-o]d mice were used for experiments. Sixteen mice 
were used in each group. Anti-mouse Fas antibody (Jo2 
clone and Ref. 6) was purchased from Pharmingen (San 
Diego, CA) and diluted with PBS. Ten micrograms of Fas 
Ab were injected intravenously, with an equal amount of 
hamster IgG diluted with PBS injected as control. After 
injection, ]ung, heart, liver, and thymus were removed, and 
used for chromosoma] DNA analysis, histological analysis, 
and the measurement of CPP32 subfamily-activity. CPP32 
subfamily-inhibitor DEVD-CHO was purchased from Pep- 
tide Laboratories (Osaka, Japan) and dissolved with DMSO. 
The DMSO-dissolved DEVD-CHO was diluted from PBS 
(final cone, of DMSO is 1%), and 0.1 or 0.5 mg of DEVD- 
CHO were injected intravenously. Each experiment was 
performed three times. 

Chromosomal DNA Analysis. To examine wheth- 
er Fas Ab injection induces apoptosis in each tissue, chro- 
mosoma! DNA fragmentation, one of apoptotic fashion 
(27), was analyzed as previously described (5, 28). Tissues 
were digested with lysis buffer 100 mM NaCl. 25 la'V/ eth- 
ylenediaminetetra-acetic acid (EDTA) (Wako), 100 mA^ 
Tris-HCl (pH 8.0), 0,5% SDS,*and 0.3 mg/ml proteinase K 
(Wako) at 50''C for 14 hr after homogenization. Samples 
were extracted three times with phenol/chloroform/isoamy] 
alcohol (PCI A; 25:24:1) and then once with chloroform. An 
equal volume of isopropanol was added to the aqueous 
phase, and then DNA was precipitated for I hr at -20X. 
The DNA was dissolved in 10 niA/ Tris 50 mM EDTA (pH 
8.0), and then treated with 50 p,g RNase (Wako) for 1 hr ai 
37°C. After final PCIA extraction, DNA was precipitated as 
described above. Purified DNA was measured spectropho- 
lometrically at A260/A280, and the same amount of DNA 
(1 (xg/lane) was electrophoretically separated in 2% agarose 
gel in TBE (45 mM Tris/45 mM bolic acid/1 mM EDTA) for 
I hr at 100 voits/hr. Gels were stained with ethidium bro- 
mide (0.5 p,g/ml) for 5 min and rinsed with distilled water. 

Histological Analysis. Tissues from mice were 
fixed in formalin, embedded in paraffin, and serially sec- 
tioned at 8 p-m. The sections were stained with Delafield's 
hematoxylin and eosin (HE) or Hoechst 33342. The 
Hoechst 33342 staining procedure was performed as previ- 
ously described (17) with some modifications. Sections 
were treated with xylene and EtOH, and then washed with 
PBS. After washing, sections were reacted with Hoechst 
33342 (1 ^M) for 18 hr. 



Protein Extraction and Measurement of CPP32 
Subfamily-Activity. Protein extraction and the enzyme 
assay were performed as previously described (17) with 
some modifications. Tissues were removed, washed with 
PBS, and minced in PBS containing 1 mM EDTA. After the 
addition of 10 \}M (finaJ cone.) digitonin (Sigma Chemical 
Co., St. Louis, MO), tissues were incubated at 3VC for 30 
min. Lysates were collected by centrifugation (15000 rpm/5 
min), and protein concentration was measured using a DC 
protein assay kit (Bio Rad, Hercules, CA). 

For assay of CPP32 subfamily-activity, aliquots were 
incubated with 10 p>l of DEVD-MCA (Peptide Lab.; 50 
\xM), and the release of amino-4-meihy]coumarin was 
monitored with a spectrofluorometer. 

Results and Discussion 

When mice (Slc/ddy; male, 5 weeks old) were injected 
intravenously with 10 |j.g of anti-mouse Fas antibody (Fas 
Ab; Jo2 clone and Ref. 6), all Fas Ab-injecied mice died 
within 6 hr (Fig. I). To examine tissue damage, chromo- 
somal DNA analysis and histological study were performed 
in Fas-expressing tissues, namely lung, heart, liver, and thy- 
mus (4). In control mice (hamster IgG-injected mice and 
Ref. 6), tissue damage was not encountered in all tissues 
(Fig. 2). In contrast, tissue damage detected by chromosom- 
al DNA fragmentation was detected in lung, liver, and thy- 
mus of Fas Ab-injected mice, but not in heart (Fig. 2a). It 
has been reported that intraperitoneal injection of Fas Ab 
induces thymocyte apoptosis, and that CD4VCD8'' thymo- 
cytes die as the target of Fas Ab (29). We suggest that the 
apoptosis encountered in thymus of Fas Ab-injected mice is 
due to CD47CD8'^ thymocyte apoptosis. HE- and Hoechst 
33342-staining analysis revealed that cells in the liver and 
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Figure 1. Lethal effect of Fas Ab in mice- 100 pi of 1% DMSO in 
PBS (DMSO- PBS) was injected intravenously, followed by intrave- 
nous injection of Fas Ab 10 pg (closed circle) or hamster IgG (open 
cirde). 
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Figure 2. Tissue damage induced by Fas Ab-injection. (a) Chromosomal DNa fr?^.;.. 
mentation analysis. Chromosomai DNAs were extracted from lung {lanes T and 
heart (Lanes 3 and 4). iiver {Lanes 5 and 6) or thymus (Lanes 7 and 8) of mice injecic-o 
with hamster IgG (Lanes 1 , 3. 5. and 7) or Fas Ab (Lanes 2:4.6. and 8). Chromosomai 
ON As extracted from tissues of Fas Ab-iniected mice that died at 2 hr a iter injection 
were indicated. Cfiromosomal DNAs were separated on 2% agarose gels and stained 
with EtBr. Bars on the right of the photoQraph show the position of DNA marker 1357,- 
1078. 872, 603 and 194 bp (from top tc bottom), (b) Histological analysis of liver a!Kj 
lung damage. Liver (upper panels; 1-4) and lung (lower panels: 3-8) were renioved 
from intact^ mice and stained with HE (1 and 5; 400x). Liver and iung ol Fas At> 
iniected mice that died at 2 hr after injection were also removed and stained vvtih HE; 
(2 and 6; 400x) or Hoechst 33342 (3, 4, 7, and 8; 3 and 7; 400x; 4 and 8: lOGOy). 
Arrowheads (black and yellow in each panel) show the typical apoptotic cells showing 
nuclear condensation and'or fragmentation. 
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iune showed some typical ;jpopioiic fashion {27k sucli as 
nuclear iVagmeniation and condensation (Fig. 2h). whereas 
lung damage was very weak as oonipared with liver dam- 
age. We suggest thai: the lethal eifeci ui' Fas Ah i< domi- 
nantiy <iue to fulrninaiu liver do^irociion, and thai light 
lung damage may cause some etfcet to the lethal elTeci of 
Fas Ab. 

Hasegawa el cii reported the (lominant role ol" the 
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CPF32 subfamily m Fas-mediated apoptosis (17}. in addi- 
tion, if the ICE cascade operates in Fns-mediated hepatitis, 
ihc CPP32 sublaimly plays the donKoani role ai the down 
sirAm portion (16. 30. 31 }. Therefore, i.he direct involve^ 
mem oJ" the CPP32 subtamiiv in Fa^ Ab-induced ussuc 
damage was examined. Because the CPP32 subfamily 
cleaves poly (ADP-nbose) polymerase (PAR?) (15. 32)- 
MCA-modi"ned leirapeptide (DEVD-MCA) coding ihe 
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Figure 3. Proteolytic activity of CPP32 subfamily. Proteins were e-A- 
tracfeci trcm tissues from mice injected with hamster icG (open col- 
umrO or Fas Ab (closed column). 

cleavage site of PARP can be used ihe substrate 01), 
When irnco were exposed lo Fas Ab, a cira>;t)c eievarion of 
CPP32 siibfamily-activny was encountered in lung and 
liver, bui not in heari and iliynius (Fig. 3). 

Various investigations have reported that CPP32 sub- 
fainiiy-aetivation initialed by Fas is prevented by ihe syn- 
1 hes i x,ed i c tr a pc pi:i dc i n I j i b i t or D E V D -CH O in vitro (17. 32, 
33V Therefore, we exantined tiie erTect of DEVD--CHO on 
the lethai effcci of Pas Ab. Mice vs-ere jntravcEiously pre in- 
jected with DEVD-CHO. and then cxpcscd loPas Ab Even 
sin<f)e injection of DEVD-CHO rescued 18. 75% (0.) mg/ 
mouse), 50% (fi.5 mg/inouse) 75% (? mg/mousc) or iO0% 
(5 mg/n)onse) of the mice froin the ielhal cfWxi of Fa.^ Ab 
a b 
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(Fig. 4a), and fulminant liver destRiction was also prevented 
(Fig. 4b)- Broad caspa.se inliibitor z-VAD.fnik also rescued 
\m% of the rnice from the lethal effect of Fas Ab by the 
I-hr interval injection after Fa.s Ab-injection (26). In the 
present study, single injection of DEVD-CIIO (5 nig/ 
mouse) was effective {JCX)% rescue) even 30 min after Fas 
Ab-injectton (data not shown). The eOect of a single injec- 
tion of (CE inhibitor (YVAD-CHO) on the letha] effect 
of Fas Ab was also examined. Whereas, YVALVCHO in- 
jection (0.5 mg/mouse) could rescue only 33.3% of the mice 
from the lethal effect of Fas Ab, and 15 mg/mouse were 
required to rescue 100% of the mice from the lethal effect 
of Fas Ab (data not shown). Therefore, we propose here 
that DEVD-CHO is more effective tlian other caspase in- 
hibitors. In addition, DEVD-CHO expo.sure to mice com- 
pletely prevented Fas Ab-induccd CPP32 subfamily-acti- 
vation (Fig. 4c). 

The present, study demonstrated thai: Fas Ab-injeciion 
in mice induced Jivcr and hmg damage mediated by CPP32 
subfamily activation. In general an abnormaliiy of the lungs 
in patients carrying hepatitis has been known. Although, the 
dominant t-ole of the Fas ligand/Fas system in hepatitis has 
already been demonstrated, there is no reporl that suggests 
the possible involvement of the Fas hgand.^Fas system in 
lung damage. The lethal effect of Fas Ab was prevented by 
the pre- and postinjeciion of DEVE>-CHO- The administra- 
tion of DEVD-CHO may be effective in the treatment of 
hepatitis. Various disease states triggered by caspase acti- 
vation have been reported (3, 34). in addition, chcirioihera- 
pcutic agents also induced apoptosis accompanied by 
caspase activation (31, 35, 36) and showed various side 
effects. The current results additionally suggest that DEVD- 
CFIO may become the ba.sic model of the new dn jg that is 

c 
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_ guiG 4,^ hffeci oi ut:\'U<.hU on ras Ab-incluced ieiha! effect and fulminant iiver desfrunrion. (a) Resistarice to 'he iethai effect of Fas Ab 
ZT^'''' ;''#'"^«d intmvenousiy with 100 pi of DMSO-PBS (closed circle), or O.i (open circJei, 0.5 (ctoseci square), 1 (open square) 

i^P^,;?^'^^^' ^^i^f'gie) mg of DEVD-CHO After 2 hr. mice were; iniocterj ititravenousty v.^ith 10 uo ot Fas Ab. (b) Hisrologica! analysis of liver trom 
--[j-CHO orstieated mico. ijver was removed from both DEVD-CHO (0.5 mo) and Fas Ab^reated mice that were alivfi at 6.hr atUir Fas-Ab 
vVX^T' 'I^^*^ ^'^'-"'^'^ --'^^ i^^OOx). As compared v/iih Intact mice iiver (Fig. 2b~i\ there was no significant difference, (c) Effect ol DEVD-CHO 
^, ' ;.rotc-o{yric activity of CPP3Z subf?.rniiy. Protoni-s were extracted frorr; tissues o? rescued mice. Mice inic-cied vviih OMSO PBS (0 ma), or 0.1 
• - - nic^j or 0 5 (O fS rngi rT=c! of DHVD-CHO. After 2 hr. mice WGr« ifijoGted intravenof tslv with 10 ^0 oi'fas Ab. 
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an effective cure of cell death-associated diseases and side 
effects. 



I (hank !>. Mitsuru Furusawa, Daiichi Pharmaceuiical Co., Ltd., for 
his critical reading of this manuscripl and vaJuable discussion, and Miss 
Yumi Tsuiomi, Daiichi Pharmaceutical Co., Ltd., for her technical assis- 
tance and advice, and I>r. Guy Harris for his assistance in the preparation 
of the manuscript. 



1. Itoh N, Yonehara S, Ishii A, Yonehara M, Mizushima S, Sajneshima 
M, Hasc A, Seto Y. Nagata S. The polypeptide encoded by the cDNA 
for human cell surface antigen Fas can mediate apoptosis. Cell 
66:233-243, 1991. 

2. Suda T, Takahashi T, Golstein P, Nagata S. Molecular cloning and 
expression of the Fas ligand, a novel member of the tumor necrosis 
factor family. Cell 75:1169-1178. 1993. 

3. Nagata S, Golstein P. The Fas death factor. Science 267:1449-1456, 
1995. 

4. Watanabe-Fukunaga R, Brannan CI, Itoh N, Yonehara S, Copeland 
NC, Jenkins NA, Nagata S. The cDNA structure, expression, and 
chromosomal assignment of the mouse Fas antigen. J Immunol 
148:1274-1279. 1992. 

5. Suzuki A, Enari M, Eguchi Y^ Maisuzawa A, Nagata S, Tsujimoto Y, 
Iguchi T. Involvement of Fas in regression of vaginal epithclia after 
ovariectomy and during an estrous cycle. EMBO J 15:21 1-215, 1996. 

6. Ogasawara J, Watanabe-Fukunaga R, Adachi M. Matsuzawa A, Ka- 
sugai T, Kilamura Y. Itoh N, Suda T, Nagata S. Lethal effect of the 
anti-Fas antibody in mice. Nature 364:806-809, 1993. 

7. Hiramatsu N, Hayashi .N, Kaiayama K, Mochizuki K, Kawanishi Y, 
Kasahara A, Fusamoto H, Kamada T. Immunohistochemical detection 
of Fas antigen in liver tissue of patients with chronic hepatitis C. 
Hepatology 19:1354-1359. 1994. 

8. Mita E, Hayashi N, lio S, Takehara T, Hijioka T, Kasahara A. Fusa- 
moto H, Kamada T. Role of Fas ligand in apoptosis induced by hepa- 
titis C virus infection. Biochem Biophys Res Commun 204:468-474, 
1994. 

9. Galle PR. Hofman WJ, Walczak H, Schaller H, Otto G, Stremmel W, 
Krammer PH. Runkel L. Involv^ent of the CD95 (APO-l/Fas) re- 
ceptor and ligand in liver damage. J Exp Med 182:1223-1230. 1995. 

10. Lacronique V, Mignon A, Fabre M. VioUet B, Rouquet N, Molina T, 
Porteu A, Henrion A. Bouscary D, Varlet P, Joulin V, Kahn A. Bc1-2 
protects from lethal hepatic apoptosis induced by an anti-Fas antibody 
in mice. Nature Med 2:80-86, 1996. 

11. Rodrigues I. Matsuura K, Khatib K, Reed JC, Nagata S. Vassalli P. A 
bcl-2 transgene expressed in hepatocytes protects mice from fulminant 
liver destruction but not from rapid death induced by anti-Fas antibody 
injection. J Exp Med 183:1031-1036, 1996. 

12. Ellis HM. Horvitz HR. Genetic control of programmed cell death in 
the nematode. C. elegans. Cell 44:817-829, 1986. 

13. Yuan J, Shaham S, Ledoux S, Ellis HM, Horvitz HR. The C. elegans 
cell death gene ced-3 encodes a protein similar to niammaiian inter- 
leukin-lp-converting enzyme. Cell 75:641-652, 1993. 

14. Alnemri ES, Livingston DJ. Nicholson DW, Salvescn G. Thombery 
NA. Mong WW, Yuan J. Human ICE/CED-3 protease nomenclamre. 
Cell 87:171. 1996. 

15. Fcmandes- Alnemri T, Litwack C, Alnemri ES. CPP32, a novel human 
apoptotic protein with homology to Caenorhabditis elegans cell death 
protein Ced-3 and mammalian interleuki^-l^-con verting enzyme. J 
Biol Chem 267:30761-30764. 1994. 

16. Enari M, Talanian RV. Wong WW, Nagata S. Sequential activation of 
ICE-like and CPP32-like proteases during Fas-mediaied apoptosis. 
Nature 380:723-726, 1996. 

17. Hasegawa J, Kamada S, Kamiike W, Shimizu S, Imazu T, Matsuda H, 



23 



24. 



25 



Tsujimoto Y. Involvement of CPP32/Yama(-!ikc) proteases in Fas- 
mediated apoptosis. Cancer Res 56:1713-1718, 1996. 

18. Boldin MP. Goncharov TM, Golstev YV, Wallach D. Involvement of 
MACH, a novel .MORT-l/FADD-interacling protease, in Fas/APO~l 
and TNF receptor-induced cell death. Cell 85:803^815,. 1996. 

19. Muzio M. Chinnaiyan AM, Kischkel FC, O'Roiirke K, Shevchenko A, 
Ni J, Scaffidi C. Bretz JD, Zhang M, Geniz R, Mann M, Krammer PH. 
Peter ME. Dixit VM. FLICE, a novel FADD-homologous ICE/CED- 
3-tike protease, is recriiited to the CD95 (Fas/APO-I) dejiih- inducing 
signaling complex. Cell 85:817-827. 1996. 

20. Tsujimoto Y, Yunis J. Nowell PC, Croce CM. Cloning of the chro- 
mosomal breakpoint of neoplastic B cells with the tf 14; 18) chromo- 
.some translocation. Science 226:1097-1099, 1984. 

21. Vaux DL, Cory S. Adams JM. Bcl-2 gene promotes haematopoietic 
cell survival and cooperates with c-myc to immortalize pre-B cells. 
Namre 335:440-442, 1988. 

22. Tsujimoto Y. Stress- resistance conferred by high level of bcl-2 alpha 
protein in human B lymphoblastoid cell. Oncogene 4:1331-1336, 
1989. 

Itoh N, Tsujimoto Y, Nagata S. Effect of bcl-2 on Fas antigen- 
mediated cell death. J Immunol 151:621-^27, 1993. 
Negrini M, Silini E, Kozak C. Tsujimoto Y, Croce CM. Molecular 
analysis of mbcI-2: Structure and expression of the murine gene ho- 
mologous to the human gene involved in follicular lymphoma. Cell 
49:455-463, 1987. 

Shimizu S, Eguchi Y, Kamiike W, Waguri S, Uchiyama Y. Matsuda 
H. Tsujimoto Y. Bcl-2 blocks loss of mitochondrial membrane poten- 
tial while ICE inhibitors act at a different step during inhibition of 
death induced by respiratory chain inhibitors. Oncogene 13:21-29, 
1996. 

26. Rodriguez 1, Matsuura K, Ody C, Nagata S,. VassaJli P. Systemic 
injection of a tripeptide inhibits the intracellular activation of CPP32- 
like proteases in vivo and fully protects mice against Fas -mediated 
fulminant liver destruction and death. J Exp Med 184:2067-2072, 
1996. 

27. Wyllie AH, Kerr JFR, Currie AR. Cell death: The significance of 
apoptosis. Int Rev Cylol 68:251-306, 1980. 

28. Suzuki A, Matsuzawa A, Iguchi T. Down regulation of bcl-2 is the first 
step on Fas- mediated apoptosis of male reproductive tracts. Oncogene 
13:31-37, 1996. 

29. Ogasawara J. Suda T, Nagata S. Selective apoptosis of CD4+CD8-*- 
thymocytes by the anti-Fas antibody. J Exp Med 181:485-491, 1995. 

30. Shimizu S, Eguchi Y, Kamiike W. Matsuda H, Tsujimoto Y. Bcl-2 
expression prevents activation of ICE protease cascade. Oncogene 
12:2251-2257, 1996. 

31. Suzuki A. Iwasaki M, Kaio M. Wagai N. Sequential operation of 
ceramide synthesis and ICE cascade in CPT- 11 -initialed apoptotic 
death signaling. Exp Cell Res 233:41-47, 1997. 

32. Nicholson DW, Ali A, Thombery NA, Vaillancourt JP, Ding CK, 
Gallant M, Gareau Y, Griffin PR, Labelle M. Lazebnic YA, Munday 
NA, Raju SM, Smulson ME» Yamin TT, Yu VL, Miller DK. Identi- 
fication and inhibition of the lCE/CED-3 protease necessary for mam- 
malian apoptosis. Nature 376:37-43, 1995. 

33. Suzuki A, Iwasaki M, Wagai N. Involvement of cytoplasmic serine- 
proteinase and CPP32 subfamily in the molecular machinery of 
caspase 3 activation during Fas-mediated apoptosis. Exp Cell Res 
233:48-55, 1997. 

34. Suzuki A. Amyloid p-protein induces necrotic cell death mediated by 
ICE cascade in PC12 cells. Exp Cell Res 234:507-51 1. 

35. Suzuki A, Kato M. Chemotherapeutic agent CPT- 11 induces the new 
expression of apoptosis initiator to cytoplasm. Exp Cell Res 227:154- 
159, 199^ 

36. Suzuki A, Maisuzawa A, Kato M. Involvement of CPP32A'ama-Uke 
protease in CPT- 1 1 -induced death signal transduction pathway. Toxi- 
col m vitro 10:693-700- 1996. 



Inl 
o 

Depo 



A 



sible fo: 



This work 
AG04810 . 
data was pr 
Juntf. 1994 
' Predocion 
tJie Nation; 
* To when 
Microbiolo 



Received h 
.■\ccepied C 

0037-9727/ 
Copyright ( 



454 CPP32 SUBFAMILY IN HEPATITIS 



BEST AVAII AP,, p 



